Introduction {#sec1-1}
============

Ventilator-associated pneumonia (VAP) is the pneumonia occurring in patients within 48 hours following intubation. It is the most common cause of hospital-acquired infections among patients admitted in ICU.\[[@ref1]\] The incidence of VAP ranges from 6.8% to 44% and its occurrence is associated with increased length of hospital stay, mortality, and financial burden.\[[@ref2]\]

Resistance to b-lactam class of antibiotic is a common occurrence and pan-drug-resistant strains are beginning to emerge. Evolutionary stress such as exposure to antibiotics, bacterial gene transfer is responsible for antibiotic resistant trait.\[[@ref3]\] Carbapenem group of antibiotic by virtue of their broad spectrum of antibacterial activity and resistance to most of the β-lactamase enzyme produced by bacteria has emerged as one of the most important group of antibiotic in critically ill patients. There has been a slow but steady emergence of bacteria resistant to this group of antibiotics, playing a significant role in the colonization and infection of patients, especially those in intensive care units. The reason for resistance to carbapenems is due to production of carbapenemase enzyme\[[@ref4]\] by the bacteria.

Carbapenem-resistant bacteria were not a common finding in our hospital till 2009 but by 2010 there was an increase in their isolation in our hospital, even as a causative organism of VAP. Understanding the importance of their isolation, we undertook this prospective study among 100 intubated patients admitted in our ICU. We followed them for the occurrence of VAP, bacteriology of organisms, and the incidence of carbapenemase producers among isolated organisms in our setup.

Materials and Methods {#sec1-2}
=====================

The study was carried out as a joint collaboration between Intensive care and Microbiology department of our hospital after obtaining the approval of Institutional Ethic Committee. Patients above the age of 18 years admitted in the emergency/ICU, requiring intubation and mechanical ventilation for more than 72 hours were considered eligible for inclusion. Exclusion criteria included intubation in other areas of hospital, carried tracheotomy or had pneumonia on admission or during first 72 hours of mechanical ventilation. Written informed consent was obtained from nearest relative of the patients.

The diagnosis of VAP was established on the basis of clinical and radiological parameters as per Centre of Disease Centres (CDC) guidelines.\[[@ref5]\] \[[Table 1](#T1){ref-type="table"}\].

###### 

Diagnostic criteria for Ventilator-associated pneumonia
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The samples for microbiological follow-up were collected by endotracheal aspiration using 12-F suction catheter. A baseline sample was obtained after initial endotracheal intubation. Thereafter the culture sent on the first day of occurrence of clinical sign of VAP. In microbiology laboratory first quality of the sample received was ascertained by counting the composite quality score by making a Gram stain smear of the aspirate received and observing it under high power microscope for presence of Pus cell (more than 25 per high-power field) and absence of epithelial cell. After confirming the sample to be representative of lower respiratory tract secretion, it was cultured on blood agar and MacConkey agar using calibrated loop for quantification of viable count. A colony count of 10^4^ cfu/ml was diagnostic. Bacterial identification was made as per common bacteriological methods.\[[@ref6][@ref7][@ref8]\] Sensitivity testing were done as per CLSI guideline.\[[@ref9][@ref10][@ref11]\] All imipenem-resistant strains were further confirmed by Modified Hodge test and combined disc for confirmation of respective carbapenemase production. Modified Hodge test was done using an *Escherichia coli* ATCC 25922 inoculated on the surface of a Mueller Hinton agar (MHA) plate with zinc sulfate and imipenem disk at the center. Test strains were streaked heavily from the edge of the disk to the periphery of the plate and kept for overnight incubation. The presence of a distorted or clover leaf-shaped inhibition zone was interpreted as positive for carbapenemase-producing isolates.\[[@ref12]\] The combined disc test was done by inoculating the test strain on MHA with two imipenem disc one of which was impregnated with Ethylenediaminetetraacetic acid (EDTA). After overnight incubation at 37°C the inhibition zones of imipenem and imipenem with EDTA were compared. A zone difference of more than 4 mm between the imipenem and the imipenem plus EDTA zones confirms the isolate to be metallo beta lactamase (MBL), or *Klebsiella pneumoniae* carbapenemases (KPC) in case of *K. pneumoniae*.\[[@ref13]\]

Results {#sec1-3}
=======

One hundred intubated patients in the age group of 18-78 years were screened consecutively for appearance for VAP after being found eligible for study, of them 67 were males. All the patients were followed consecutively till patient were either extubated, tracheotomized, expired, or lost in follow-up.

The indication for mechanical ventilation among these patients was different, common indications being head injury (34), respiratory failure (10), neurological disease (28), suicidal poisoning (7), and others (21).

Out of 100 patients followed-up in the study, first sample did not show significant bacterial growth or colonizers. Fifty-three (53%) developed VAP of which 50 cases were of monobacterial origin while three patients had polybacterial VAP that were proved by repeated microbiological follow-up.

The total numbers of organism isolated were 56 out of which Gram-negative bacteria predominated in 50 (89.29%) cases as shown in [Table 2](#T2){ref-type="table"}.

###### 

Distribution organisms responsible among the patents that developed VAP
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Forty-five patients developed VAP within 48 hours to 72 hours of initial ventilation while eight patients developed VAP after 72 hours. It was observed that the entire cases of polymicrobial VAP (*n* = 3) were cases of delayed onset VAP. Bacterial isolation according to development of VAP is in [Figure 1](#F1){ref-type="fig"}.

![Bacterial distributions among early onset vs. late onset VAP](JOACP-29-361-g003){#F1}

All imipenem-resistant isolate were subjected to confirmatory test for carbapenemase production and 24 (48%) of them were confirmed to be carbapenemase producing. The prevalence of carbapenemase activity was highest with *A. baumannii* (100 %), *C. freundii* (53.33%), and *K. pneumoniae* (37.5%) \[[Figure 2](#F2){ref-type="fig"}\].
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The sensitivity pattern of those GNB by Kirby Bauer disc diffusion method showed maximum sensitivity for Tigecycline (96%) and Polymyxin B (94%) followed by Levofloxacin (46%). Maximum resistance was seen for cephalosporins \[[Table 3](#T3){ref-type="table"}\].

###### 

AST Pattern of difference Gram-negative organisms isolated in the study (*n*=50)
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The carbapenemase-producing isolates showed 100% cross resistance to all other antibiotics of Gram-negative penal. The sensitivity pattern of Gram-positive isolates showed highest sensitivity to Linezolid, Tigecycline, Vancomycin, and Teicoplanin 100% each followed by, Tobramycin and Netilmicin 83.33% each. The prevalence of MRS among *Staphylococcus* was 50%.\[[Table 4](#T4){ref-type="table"}\].

###### 

AST pattern of Gram-positive organism (*n*=6)
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We also followed the culture report and compared the sensitivity of the organism isolated with the emperical prophylactic/therapeutic antibiotic used after intubation and initiation of mechanical ventilation. The most common empirical antibiotics used were cephalosporin (63), quinolone (34), vancomycin (20) individually or in combination. After microbiological follow-up it was seen that in only 35 (70 %) patients the organism isolated as causative agent of VAP had relevance with the initial empirical antibiotic used. Among those 35 isolates that had relevance only 6 (20%) isolate were having sensitivity to the initial antibiotic advised.

Of the patients who developed VAP 24 were discharged with tracheotomy, 21 died, and 8 were lost to follow-up as attendant shifted the patient out of hospital against medical advice. It was seen that maximum death rate was in those patient infected with *S. aureus* 4 out of 5 (80%), followed by *C. freundii* (28.57%). Death rate was nil among isolates of *A. baumannii*, coagulase-negative *Staphylococcus* and *E. coli*. The patients who developed VAP with dual bacteria mortality was 100% (3/3). Gram-negative bacteria were the cause of death in 39% (21/53) cases. MBL and non-MBL producer as cause of death were seen in 29 % (07/24) and 38 % (10/26), respectively.

Discussion {#sec1-4}
==========

VAP is the most common complication after mechanical ventilation with the incidence estimated to be 3% per day during first 5 days of ventilation,2% per day between days 5 and 10 of ventilation and 1% per day thereafter.\[[@ref14]\] Akca *et al*. in their study have discovered following factors to be responsible for multiresistant bacterial infection of early onset -- emergency intubation, aspiration, and Glasgow Coma Scale (GCS) less than 9.\[[@ref15]\] Bronchard *et al*.\[[@ref16]\] have demonstrated that loss of consciousness more than tracheal intubation are independent risk factors for early onset VAP. Our study included maximum number of patients needing intubation and mechanical ventilation with the diagnosis of head injury (34%), poisoning (7%), central nervous system disease (28%), and respiratory failure (10%). Association of emergency intubation, micro aspiration and low GCS were all associated in most of our patients and may have been responsible for a high incidence of early onset VAP (48%) compared to 8% incidence of late onset VAP. After this study, VAP prevention bundles have been instituted to decrease the incidence of high early onset VAP.

Risk factors for pneumonia include use of nasogastric tube, continuous enteral feeding, prolonged mechanical ventilation (\>1 day), use of H~2~-receptor antagonist, sucralfate, muscle relaxants, corticosteroids, barbiturates, and inotropic agents, positive end-expiratory pressure, intense sedation, re-intubation, and tracheotomy.

Multidrug-resistant pathogens such as *C. freundii*, *P. aeruginosa*, *A. baumannii*, and *S. aureus* were found to be the common organisms causing VAP. This highlights the need for treatment of the VAP cases with second-line antibiotics effective against these MDR pathogens. This finding also emphazises the need for stringent preventive measures against VAP, as the treatment of an established VAP becomes very expensive, with case fatality rate.\[[@ref17]\] Emergence of *C. freundii* as a causative organism for VAP many of whom were carbapenemase producing (53.33%) is a new finding in our study. It is much more than expected common trends which cite rate of Citrobacter prevalence is as low as 1%.\[[@ref18][@ref19]\] *C. freundii*, are aerobic Gram-negative bacilli of Enterobacteriaceae family and is known for being an opportunistic pathogen responsible for a number of significant opportunistic infections and possession of various intrinsic drug resistance gene.\[[@ref20]\] Although the incidence of Citrobacter is low, Jakribettu\[[@ref21]\] *et al*. in their study showed an isolation of approximately 17 isolates. This signifies that the incidence is on rise though may not have attained significant proportion. Increased incidence in our study needs further evaluation as the cause.

Multidrug resistant and carbapenemase fermenters were chiefly responsible for late onset VAP. In our study the rate of carbapenemase-producing bacteria among all GNB was 48% which is higher than other studies published in recent past,\[[@ref22]\] vast majority of these carbapenemase 19/24 (79.16%) were also from Enterobacteriaceae family. Various other studies have from India have shown a rate between 18.75 and 26%.\[[@ref23][@ref24]\] Relatively high rate of carbapenemase may be due to increase prevalence of these bacteria as cross colonizer in hospitals, specially in developing countries with poor maintenance of infection control practice. This is a cause for concern as carbapenemase in the past were frequent among non-fermenters like Acinetobacter and Pseudomonas, but this resistance now seems to have transferred to other Enterobacteriaceae also. The increase incidence of carbapenemase production might be as a result of rampant use of carbapenem group of antibiotics and natural selection tool of bacteria like plasmid and chromosomal-mediated gene transfer among species of carbapenemase-producing Enterobacteriaceae. It is fast becoming a major health threat among ICU of developing countries.\[[@ref25]\]

The study also indicated that there was less correlation between the initial prophylactic antibiotic and the bacterial sensitivity. The cause maybe multifactorial, common causes being change in microbial flora causing infection from time to time, lack of awareness of causative organism, and their sensitivity pattern, continuation of initial antibiotic being administrated for some other primary infection. A more stringent hospital antibiotic policy is warranted to decrease the misuse of these drugs. Following this study a stringent antibiotic policy was instituted with the collaboration of intensivist, physicians, microbiologists, and hospital infection control team. We had observed that Cephalosporins were the most favoured drug as first-line treatment but its effectivity was found to be poor.\[[@ref26]\] A high sensitivity was seen for Tigecycline and Polymyxin B against Gram-negative isolates and Vancomycin and Linezolid for Gram-positive isolates. It may be so because these drugs were reserved as second-line of antibiotic therapy.\[[@ref27]\]

A limitation of our study was it being conducted in a resource-limited setting, with small number of patients with VAP and in a single center, few patients being lost as they left against medical advice due to financial constraint and increased cost of treatment. In addition, we recognize that the findings of this study not necessarily reflect the situations in other advanced centers in India. The incidence of VAP in our study was more than other advanced centre though after the study we also have implemented stringent means of control of VAP with our limited resources. We suggest further multi-centric study with larger patient population to confirm our findings, in particular the high incidence of carbapenemase along with other MDR pathogen in Indian ICU.

Conclusions {#sec1-5}
===========

The emergence of organism with high level of intrinsic resistance like *Citrobacter* and *Klebsiella* as causative agents for VAP is a serious concern. The knowledge of ever-changing susceptibility pattern with the local pathogens should guide the choice of antibiotics. Although Polymyxin B and Tigecycline are still effective against most resistant Gram-negative isolate while Vancomycin is still holding the forte against Gram-positive organism caution should be observed against rampant use of these drugs. We should be guided by microbiological follow-up and treatment of each and every patient on ventilator and this has emerged as the need of the hour today.
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